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ABSTRACT
The Effects of DCPA and Trifluralin on Northern Root-Knot
Nematode (Meloidogyne hapla Chitwood )
Infection of Selected Vegetables
by
Rulon Kent Romney, Master of Science
Utah Sta te Univers ity , 1972
Major Professor: Dr. J . LaMar Anderson
Department: Plant Science
The interaction of herbicides and Northern root-knot nematodes
(Meloidogyne hapla Chitwood) on onions and beans was studied in the
greenhouse.

Seeds of onions (Allium cepa L. ) were planted in soil treated

with different l evel s of dimethyl 2,3,5,6-tetrachloroterephthalate (DCPA).
Seeds of beans (Phaseolus vulgaris L. ) were planted in soil treated with
different levels of DCPA or oc, oc, o<-trifluoro- 2,6-dinitro-IT,ll-dipropyl-Etoluidine (tr ifluralin ) .

Seedlings were inoculated with root-knot nema-

tode larvae after 2 week's growth.
DCPA reduced root and shoot growth on onions but did not significantly affect bean growth.
shoot growth of beans .

Trifluralin significantly reduced root and

Growth reduction was directly related to the

concentration of DCPA or trifluralin.

Anatomi cal studies on onion roots

indicated that the epidermal cells were seriously affected by DCPA treatment.

They were greatly misshapen, overlapped, and in various stages of

apparent dissolution or collapse.
concentrations .

Symptoms were more severe under higher

Macroscopic examination of roots treated with DCPA or

trifluralin showed soil particles strongly adhered to root tissue.
DCPA-treated and non-treated nematode larvae were equally pathogenic
on onions.

Both DCPA and trifluralin significantly reduced the number

of nematode galls formed on beans and onions grown in treated soil.
(88 pages )

INTRODUCTION
The use of selective herbicides constitutes an important part of
successful crop production.

Much research has been done to determine

the effects of herbicides on plants and many studies have been conducted
on the eff ects of herbicides on soil microorganisms.

However, ver y

little research has been done on the effects of herbicides on soil macroorganisms.

This study concer ns the effects of DCPA (dimethyl 2,3,5,6-

tetrachloroterephthalate) and trifluralin ( o<,o<,~-trifluoro-2, 6-dini tro 
~.~-dipropyl-g- toluidine)

wood ) infection.

on root-knot nematode (Meloidogyne hapla Chit-

The test crops were beans and onions.

DCPA is an odorless white crystalline compound that is highly insoluble in water (0 .5 ppm ) .
annual broadleaf species.

It is used to control annual grasses and certain
Commercial DCPA is currentl y sold under the

trade name of Dacthal and is available as a 75 per cent or a 50 per cent
wettable powder.
Trifluralin is an orange crystalline solid with a solubility of less
than l ppm in water.

It selectively controls annual grasses and many

annual broadleaf weeds in a number of crops.

Trifluralin is formulated as

a 44.5 per cent active emulsifiable concentrate and mark eted under the
trade name of Treflan.
~·

hapla is a member of the group of plant parasiti c nematodes .

Plant parasitic nematodes constitute one of the most important groups
of organisms that inhabit the soil.
home gardens, and greenhouses.

They are found in fields, or chards,

Few crops are resistant to them.

These

nematodes present some of the most difficult p est problems encountered
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in agriculture (88) .

The annual loss of all crops t o nematodes in the

United States is estimated at $1.6 billion (93) .

An additional $100

million is spent on control each year (11).
The ideal defense against nematodes would be resistant plant sp eci es.
Some species exhibit natural immunity to nematodes; others show partial
resistance.

There is evidence that some resistance is due to morphologi-

cal changes in root tissue (24 ) .

Since DCPA affects the root structure

(14, 39 ) and trifluralin inhibits secondary root formation of many plant
species (1 , 9, 37, 43 ) , it was hypothesized that these herbicides might
be effective in inducing resistance.

The Northern root-knot nematode

(Meloidogyne hapla Chitwood) has a very delicate stylet and is capable
of pen etrating only young thin-walled cells of developing roots of susceptible plants and thus seemed an appropriate test sp eci es .
inary study by Anderson

~nd

A prelim-

Griffin (2) showed that trifluralin soil

treatment followed by nematode inocula tion severely redu ced root growth
and shoot growth of both alfalfa and tomato seedlings.

However , onions

treated with DCPA and inoculated with nematodes were injured to a much
lesser extent.
infection.

In fact, DCPA appeared to induce resistance to nematode

Onions grown in untreated soil developed 5 to 7 galls per

plant while those in DCPA-treated soil developed less than 1 gall per
plant.
The purpose of this study was to obtain information on the nature
of the respons e of DCPA and trifluralin-treated seedlings to root-knot
nematodes.
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REVIEW OF LITERATURE
Effects of DCPA
DCPA was introduced in 1960 as a crabgrass (Digitaria ~ . ) herbicide.

Much research has been done to establish its selective herbici-

dal value in different crops, but there is little published material on
its mode of action in plants.
Physiological effects
DCPA is translocated only to a very limited extent and therefore
must be soil applied (54) .

It seems to be taken up primarily by the

coleoptile in grasses and the hypocotyl in dicotyledons (83).
Nishimoto , Appleby, and Furtick (62) used oat seeds to determine the
site of uptake of DCPA and concluded that the herbicide was active on
oats, primarily through col eoptile uptake .

DCPA has no obvious effect

on photosynthesis (76), and has not been found to significantly inhibit
respiration (49, 42).
In early studies, DCPA was shown to inhibit seed germination and
prevent seedling emergence.

Kozlowski and Terrie (50) reported that al-

though DCPA reduced the germination of pine seedlings, it i nhibited
growth only slightly.

Bayer , Hoffman, and Foy (10) used DCPA to control

dodder in established alfalfa.

They reported that pre-emergent applica-

tions controlled germinating dodder seedlings without affecting the alfalfa plants.
DCPA at sub-lethal rates seems to have a stimulatory effect on the
growth of certain species.

McKinley (61 ) recorded a stimulation of

4
annual ryegrass growth at l ppm.
higher plants.

Growth stimulation is not limited to

The growth of some soil microorganisms has been found to

be significantly greater in the pr esence of DCPA.

Tweedy, Turner, and

Achitov (90) found that soils treated with 9 ppm DCPA resulted in an increase in actinomycete population and little change in bacterial population.

Tweedy and Turner (89) reported that actinomycetes were not ad-

versely affected by DCPA at concentrations as high as 10,000 ppm.

Fields,

Der, and Hemphill (36) reported that a mixed culture of soil algae and
fungi grew significantly more in the presenc e of DCPA .

Some soil micro-

organisms are apparently able to used DCPA as a carbon source (89).

Soil

from plots treated 7 consecutive years at 5.0 ppm showed no accumulation
of DCPA (36).
Morphological effects
Gaskin (39) report ed that fewer rhizomes and tillers were present on
Kentucky bluegrass after treatment with DCPA at 10 and 15 pounds per acre.
Bingham (13) studied the effect of DCPA on Bermudagrass under field
conditions.

He noted that soil surface applications of DCPA prevented

rooting of Bermudagrass from stolon nodes, but did not appreciably alter
the established root system.

Under greenhouse conditions Bingham (14)

noted complete inhibition of elongation of roots initiated from Bermudagrass stolons.
LeBaron (53) reported DCPA to cause a corky thickened area on tomato
stems about 4 weeks after transplanting into the treated soil.

Anderson

and Shaybany (3) found this thickening to be du e to a proliferation of
the vascular tissue.
Peters (71) found a constriction of soybean stems at the ground
level with a corky layer above and below the constricted zone.
resulted in breakage of stems by wind later in the season .

This
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Bingham (14) reported onion roots to be affected to a lesser degree
than corn and Bermudagrass.

He noted that DCPA reduced the rate of root

growth but never completely prevented further elongation.
Anatomical effects
Bi ngham (14) , in his York Yith Bermudagrass, reported DCPA- t reated
stolon root tips to contain many malformed cells.

He also noted that

the treated root tips became more pointed Yith a smaller root cap than
those that were not treated .

Abnormalities in onions were also observed .

Cells at the root tip Yere observed to be filled with cytoplasm but cells
further up the root were excessively large , irregular in shape, and contained very little cytoplasm.

As these cells increased in si ze, the epi-

dermis was "less well defined and sloughed away".
Shaybany and Anderson (83) noted that when grasses were stained Yith
periodic acid-Schiff's reagent, a specific stain for carbohydrates, the
cell walls stained much darker in DCPA-treated plants.

They conclud ed

that in grasses, DCPA enhances cell wall growth and stimulates the incorporation of carbohydrates into them resulting in hypertrophied cells
with thi cker cell walls.
Cytological effects
McKinley (61 ) concluded that DCPA was an inhibitor of mitosis.

Bing-

ham (14) reported an inhibition of ~itosis in the meristematic region of
DCPA-treated roots.

He reported that few DCPA-treated cells were under-

going nuclear division compared to many in untreated tissue.

In a few

instances, nuclei were found in metaphase but none in anaphase or telophase in treated roots whereas several nuclei were obviously in anaphase
in untreated root tissue .
The mode of action of DCPA remains unknown.
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Effects of Trifluralin
Trifluralin was introduced in 1963 as a pre-emergence herbicide for
control of annual broadleafed plants.

Although much research has been

done to evaluate its efficacy, comparatively little literature is available on its mode of action in plants.
Physiological effects
Translocation of trifluralin is limited.

Ketchersid, Boswell, and

Merkle (46) noted that translocation decreased as the age of the seedling
increased and that the chemical accumulated in the cotyledons rather than
in the growing plants.
Talbert (87) reported that trifluralin did not affect the rate of
respiration of soybeans or sorghum.
Trifluralin inhibits seed germination and prevents seedling emergence

(33, 68).

Nishimoto, et . al., (62) reported the uptake of trifluralin to

be primarily through the shoots of oats.
Morpholo~i cal

effects

Several investigators have reported that trifluralin produces abnormalities in root tissues.

These abnormalities include the 1nhibition of

primary and secondary (lateral) roots.

Hacskaylo and Amato (43) reported

that the radicle and seminal roots of corn failed to develop normally in
trifluralin-treated soil.

Feeny (35) found trifluralin to inhibit the

primary root growth of oat seedlings.

Trifluralin has inhibited lateral

root formation in cotton (4, 6, 37 , 43, 65, 84 ) .

Hacskaylo and Amato

(43) noted that as the level of herbicide was increased , lateral root
formation and the elongation of the primary roots were decreased.

In
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addition to root development, they observed that cotyledonary expansion
and hypocotyl elongation were adversely affected in cotton.

Trifluralin

has also inhibited lateral root formation in soybeans (47, 65, 86 ) .
Dallyn and Sawyer (25) noted that trifluralin caused a "corky"
abscission-like layer in transplanted tomatoes at the ground level.
Schweizer (82) reported the appearance of gall-like tissues in the
hypocotyledonary neck and root region of sugar beets grown in trifl uralintreated soil.
Anatomical effects
Hacskaylo and Amato (43) observed that cells in the endodermal layer
of treated root tissue in cotton became excessively large and cellular
division was drastically curtailed.

In corn the endodermal cells as well

as those in the pericycle region were "obviously abnormal".
Schultz, Funderburk, and Negi (80) reported that roots and shoots
of maize seedlings germinated in trifluralin solutions were characterized
by radical enlargement of the cortical cells.
Cytological effects
One of the characteristic findings in trifluralin-treated roots was
the occurrence of multinucleate cells rather than the production of
daughter cells.

The affected cells continued t o enlarge but differenti-

ation failed to occur (43, 79 ) .
Amato, Hoverson, and Hacskaylo (1 ) reported the mitotic division in
roots of corn and cotton treated with trifluralin was dis organized.

A

typical finding in both crops was the absence of cell plate f ormation.
Talbert (86) reported similar results on soybeans.
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Bayer , Foy, Mallory , and Cutler (9 ) referred to trifluralin as a
"mitotic poison".

They concluded that trifluralin inhibited lateral

root formation by interrupting the mitotic process of the cells within
the peri cycle.
Root-Knot Nematode - Meloidogyne

~

Chitwood

The first record of a nematode as the cause of the plant disease
known as root-knot is that of Berkeley in England in 1855 (22) when he
studied galls on the roots of cucumber plants grown in a greenhouse.
Until 1949, all root- knot nematodes wer e r egard ed as a single
species.

The name of this species was changed on s everal occas ions .

In 1949 Chitwood (19 ) differentiated and described 5 species and 1 subspecies of root-knot nematodes.
on morphological characters .

He based his species of Meloidogyne

Three of the characters were the distance

from the base of the stylet to the point where the duct of the dorsal
gland empties into the lumen of the es ophagus, the s ize and shape of
the styl e , and the perineal pattern.
Christie (2 0) reported that over 900 di ff erent species of plants,
including both mono cotyledons and dicotyledons, were known to serve as
hosts for "the root-knot nematode" .

Unti l re cent years all Meloidogyne

(root-knot ) host records were grouped together since only 1 species
was re cognized.

It is not meaningful, therefore, to discuss the hundreds

of plant species which have been reported as hosts previous to 1949 (88 ) .
Gaskin and Cri ttenden (40), however, have s ince reported a large hos t
range for Meloidogyne hapla .

They tes ted 66 different plants for sus -

ceptibility to this spe cies.

These were mainly common garden and field

crops and most of them became infected .
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Life cycl e
The adult female parasite usually lies with her head embedded in
the vascular cylinder and the posterior part of her body extending i nto
the cortex.

She lays elongated ovate eggs that are usually found in a

gelatinous egg sac surrounding her (21) .
Tyler (91) determin ed that the rate of egg laying Yas roughly l egg
per hour at 22 C.

The number of eggs produced by 1 female on a preferred

host reached as high as 1,998.

On unfavorable hosts the number yas often

feYer than 10.
The eggs undergo a number of cell divisions that eventually lead
to the formation of larvae.

These larvae are small slender Yorms 0.4 to

0.5 millimeter long and are in the second larval stage, having molted
once Yhile still Yithin the egg. shell (88).
According to Christie (20) -, 2- types of infection can take place :
a.

Eggs hatch yithin the root and the larvae migrate into ad j acent tissue Yher e they become established forming large galls.

b.

Eggs hatch at or near the surface of the root and the larvae
escape into the soil from yhence they migrate to and enter neY
roots.

After living as paras ites for 2 to 3 Yeeks, the larvae undergo J
molts in rapid succession.

Males emerge as slender Yorms Yith typical

nematoid shapes and are believed to li ve free in the soil.

The females

are sedentary parasites during larval development and throughout their
entire adult li ves .

The females continue to grow increasing in girth and

length until they become pear-shaped or sometimes spherical , but they
always retain a protruding neck region.
If the infected plant is a suitable host and the weather is Yarm,
females begin to lay eggs (22) .

Several authors have noted that temper-

ature has an effect on the length of time from gall formation to egg
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laying.

Tyler (91) found that egg laying occurred 15 days after galling

at 27 C and 79 days after galling at 14.3 C.

She also determined that

the minimum length of time for the completion of the life cycle of "the
root-knot nematode" was about 25 days at 27 C and 87 days at 16 C.
Penetration and migration
The larvae will enter any susceptible part of a plant that contacts
moist soil.

Since the stylets of the larvae are not very powerful, their

ability to penetrate plant tissues is limited (20).

Root-knot nematodes

vigorously attack the cell wall of the plant ' s surface by repeated thrusts
of the stylet (56).

Linford (55), through use of root-observation boxes,

noted that puncture of the cell wall required several minutes ' work.
The larva thrust its spear as often as 3 or 4 times per second until an
opening was finally made, whereupon the larva entered the root,

Other

larvae were observed to be immediately attracted to the wound and frequently mass penetration resulted,
Christie (20) studied root-knot nematodes on tomatoes.

He noted

that the nematode larvae penetrated directly through the root epidermis
near the root tip destroying some epidermal cells during entry.
the cortex the larvae migrated intercellularly.

Once in

Krusberg and Nielsen

(52) reported that root-knot nematodes penetrated sweet potato roots at
the terminals as well as farther up the root.

Migration was found to be

primarily intercellular in the cortex and intracellular in the vascular
cylinder.
Penetration of cowpea and pineapple roots by root-knot larvae was
reported by Godfrey and Oliviera (41) to occur within 6 hours after
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inoculation.

Mankau and Linford (60) observed that Het erod era trifolii

penetrated clover roots within 15 minutes after coming in contact with
the root surface.

Holtzmann (44 ) noted that the rate of nematode pene-

tration in tomatoes increased with the temperature.
After penetration, the nematode larvae migrate to the vascular tissue
of the plant and begin feeding.

The f eeding process of larvae was onc e

considered r elated to a nectar type of asso ciation of the nematode lip
r egion with a giant cell without ac t ual penetration of the stylet into
the l iving cell.

Linfo rd (55) , however, observed the actual penetrati on

of t he stylet into li ving cells within pineapple roots.

He established

that the root-knot nematode obtains its food by penetrating cells with
its slender stylet and fe eding directly on the cell cont ents .

Host Tissue Response to Nematode Infection
Gall forma ti on
A typical response of plant roots to Meloidogyne hapla infection is
the fo r mation of galls.
Inf ected plants are usually conspi cuous because of t heir reduced
growth and tendency to wilt during warm days .

When nematode populations

are very high , young s eedlings may be kill ed without a t rac e of gall
formation appearing on th e roots (88) .

Schuster and Sullivan (81) reported

that galls were induced in tomat o roots by larva e of Meloidogyne incognita without actual entry of larvae into the root.

They concluded that

the s tylet penetrated the root s ctrface and secreted mat erials that stimulated host tissues to fo r m galls.
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Fairbairn (34 ) suggested that nematodes could initiate galling in
plants in 2 ways:

a) indirectly by triggering a plant mechanism to

form t he gall-inducing principle, or b) directly by releasing or injecting material into plant tissues.
A frequent morphological response of infected root tissue is the
production of lateral roots within the galled region.

Christie (20)

observed the production of lateral roots on 60 per cent of the galls
that he studied.

He also noted that inf ection by several larvae stopped

the growth of the root within 24 hours.
Mankau and Linford (60 ) noted that secondary roots originating from
galls in clover roots had vascular connections with the main vascular
system of the root and these formed a network of tissues surrounding the
giant cells.
Christie (20) reported that the first reaction to the entrance of
root-knot larvae was hypertrophy of the cortical cells, even those at
some distance from the point of entry.

Cells of the pericycle and endo-

dermis were also often similarly affected.

This response along with the

division of pericycle cells was observed to occur within 24 hours after
penetration.
The typical host tissue reaction of infected roots by Meloidogyne
~·

is the formation of syncytia, which are more commonly known as

"giant cells" (30, 31, 51, 70).
It is accepted that Meloidogyne §]£. penetrate plant cell walls
with the stylet and inject "saliva" which is responsible for giant cell
formation (17, 34, 55, $1 ) .
Christie (20 ) has observed that within 60-72 hours after a rootknot nematode larva has become established in root tissues, cells lying
adjacent to the head of the parasite begin to undergo a change.

They
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increase in size, the nucleus divides and peculiar multinucleate structures, called giant cells, are formed.

Some simultaneous mitotic divi-

sions occur in young giant cells, but in older ones most of the nuclei
apparently originate from surrounding cells that become incorporat ed
into the giant cell (2 0, 52).
Gi ant cells probabl y enlarge by dissolution of walls of adjacent
cells, primarily par enchyma type cells, the protoplasts of which become
part of the giant cell (51) .

According to Bird (16) , giant cells are

interconnected at their extremities.

Electron micrographs of sections

of galled tomato roots showed that giant cells contained many mitochondria, proplastids, Golgi bodies, and a dense ,e ndoplasmic reticulum
(69 ) .

Continual nematode stimulus has been reported to be necessary for
development and maintenance of giant cells.

Bird (17) noted that when

young root-knot nemas in developing galls were punctured with a needle
or were killed by immersion of infected roots in hot water, the giant
cells degenerated and were encroached upon by surrounding plant tissues.
Root-knot nematodes can cause variable morphological and anatomical
responses in different plants.

Different parasite species have been

found to cause different responses in the same plant (51).

Dropkin (29)

suggested that giant cell formation and gall formation were responses to
separate stimuli since both Meloidogyne and Heterodera species induce
giant cells but only the former induces galling.

Using tomato root cul-

tures, Schuster and Sullivan (81 ) demonstrated that root hairs formed on
galls caused by Meloidogyne

h · ~~

but not on tho se caused by Meloidogyne

incognita.
Plant resistance
There are many different forms of host r esistance to plant -parasiti c
nematodes and authors differ in their concepts of a r esi stant plant.
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Tyler (92 ) defined a plant resistant to Meloidogyne ~· as one into
which larval penetration does not occur or does so only to a slight extent.

Christie (21) avoided the word resistant by using the terms

"suitable host" for one on which nematodes grew rapidly and reproduced
and "unsuitable host" for one on which nematodes did not reproduce or did
so very slowly.

Many instances have been reported concerning entry of

nematodes into roots with little subsequent development ( 27, 78). Barrens
(8) reported plant resistance to root-knot nematodes due to a) mechanical
or chemical means to prevent entry, and b) factors within the plant itself
that kill the nematode after it enters or causes it to starve .
Kochba and Samish (48) found that roots of susceptible peach varieties
showed greater cytokinin activity than did resistant varieties, thus supporting the concept that higher endogenous cytokinin levels favor nematode establishment.

Malo (59) has shown that nematode larvae are able

to initiate giant cell development in resistant peach cultivars, but
that this development stops after a few days.

This is likely to coin-

cide with and be explained by the observed drop in cytokinin level with
progress of root maturation.
Crittenden (24) reported that certain morphological and physiological
features appear to be associated with resistance of soybeans to root-knot
nematodes.
They may be summarized as follows:
a.

Long tapering roots that penetrate deeply into the soil and
possess a minimum of lateral roots.

b.

Roots that have a tendency to become more woody than fleshy in
the development of the plant.

c.

Acceptable growth and yields in soils containing low amounts
of potassium.

d.

Lowest per cent of oil in seeds that is commercially acceptable.
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Root secretions usually attract nematodes, thus increasing infection
(15 , 58), but they have also been shown to be a mechanism of resistance
(40, 74 ) .

Root damage, whether chemi cal or physical, influences the

quantity of organi c substances exuded by roo ts .

Chemical damage may not

be so obvious as physical damage to roots but can nonet heless increase
root exudation dramati cally ( 75 ) .
Resi stance tends to be an inherited characteristic of the hos t
plant (72) .

However, various environmental fa ctors such as temperature ,

soil type , hos t nutrition , and age of the plant may alter the expression
of resistanc e (73) .
Temperature effects on the rate of penetration and reproduction
have been found in Meloidogyne (44 , 91 ) .
Several authors bave reported that soil type has an effect on th e
pathogenicity of plant-parasiti c nematodes.

Van

Gundy~

al . (94) has stated

the rate of reproduction of the citrus nematode, Tylenchulus s emipenetrans
(Cobb) , was significantly lower in soils of 50 per cent clay than in soils
of 5 per cent , 15 per cent , and 30 per cent clay.

0 1Bannon and Reynolds

(64 ) noted that plant-parasiti c nematodes occur in all kinds of soil and
regardless of soil texture may cause damage to very susc eptible host
plants and may reduce yields .

Damage to less susceptible host plants

may be pos itivel y correlated with the per centage of sand in most mineral
soils.
Older plants seem t o be more resistant to nematode attacks than
young seedlings.

Such is the case with tea plants (57) .

According t o Rohde (73) , the mechanisms of resistance to nematodes
may be summarized as follows:
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a.

Root secretions as a mechanism of resistance (97)

b.

Resistance to penetration (8, 77, 91 )

c.

Internal factors invol ved in resistance (12, 28 )

d.

Resistance related to a change in the sex ratio (23, 96)

e.

Production of resistant factors in plants (72 , 85)

The basic nature of resistance still remains unknown.
Herbicide- Nematode Interactions
The literature available on herbicide-nematode interactions is
limited.
Several investigators have shown plant growth regulators to influence plant responses to nematode infection and reduce subsequent
nematode development (7, 26, 32, 63 , 66, 67) .
Brzeski and Macias (18) reported that several fungicides increased
the susceptibility of onions to Ditylenchus dipsaci.
Webster and Lowe (95) noted that 2,4- D acted indirectly on nematode
reproduction by increasing the susceptibility of the plant tissue to
infection .
Apt , Austenson, and Courtney (5) found that amitrol, dalapon, and
maleic hydrazide surpressed heading of bentgrass for a year, thereby
breaking the life cycle of the bentgrass nematode, Anguina agrostis
(Filipjev) .
Franklin (38) suggested that herbicides play only a small part in
controlling nematodes, mainly by destroying weed hosts and killing infected host plants which \Tould then act as traps ror nematodes.
Anderson and Griffi n (2) have observed an interaction between the
root-knot nematode, Meloidogyne hapla, and the herbicides DCPA and
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trifluralin.

They noted that the trifluralin-nematode combination was

synergistic on alfalfa and tomato seedlings.

Nematode infection in

trifluralin-treated soil reduced root growth as well as shoot growth to
a greater degree than either treatment separately.
On the other hand, onions seeded into DCPA-treated soil and subsequently inoculated with root-knot nematode larvae developed fewer galls
than those inoculated in untreated soil.

The authors postulate the

possible development of a protecti ve mechanism.
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MATERIALS AND METHODS
Species Selection

Onions (Allium cepa 1 . ) cvs Sweet Spanish were selected as a test
species as they had shown in a previous study a reduced severity of
nematode infection when treated with DCPA .

Since onions ar e sensitive

to trifluralin, DCPA was the only herbicide used on this crop.

Bush

beans (Phaseolus vulgaris 1.) cvs Tendercrop were selected as the other
test species since they are tolerant to both DCPA and trifluralin as
well as a suitable host for the root-knot nematode, Meloidogyne hapla.

Preparation of Soil

DCPA was used as a 75 per cent wettable powder.

DCPA was thor-

oughly mixed with soil on a part per million basis at concentrations of
O, 8, and 12 ppm.

These figures correspond to pounds per acre of DCPA

when incorporated 4 inches deep.
Trifluralin
Trifluralin was thoroughly mixed with soil in a similar manner,
but at concentrations of 0, 1/2, and 1 ppm.
to O, 1/2, and 1 pound per acre respectively.

These figures correspond
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Preparation of Nematodes
Roots from infected tomato plants Yere carefully removed from potted soil by yashing Yith Yater.

Egg masses Yere then carefully obtained

from galled portions of the roots and placed in an aerated flask of distilled yater .

The Yater in the flask Yas decanted daily for 4 days to

remove the hatched larvae and these Yere stored in distilled Yater at 5
C.

The number of nematode larvae Yas then determined microscopically by

placing l cc in a segmented Yatch glass.

Dilutions Yere made until

each cc contained approximately 100 larvae,

When stored at 5 C, the

larvae remained viable for 7 to 10 days.
Inoculation and Planting
Onions
Seeds Yere planted into 16 x 22 inch metal flats containing soil
treated Yith DCPA at 8 and 12 lb/A.

The flats Yere placed on a bench

under florescent light in a greenhouse.

After 2 Yeek ' s gr oyth, the

plants Yere careful ly Yashed fre e of soi l and t r ansplant ed into 6-inch
plastic pots of similarly treated soil (l plant/pot) .
groYing in non- treated soil were handled similarly.

Control plants
Altered treatments

consisted of transferring 2- Yeek- old seedlings f r om soil treated Yith
DCPA at 8 and 12 l b/A t o non- treated soil and from non- treated soil to
soil treated Yith DCPA at 12 lb/A.

Plants requiring inoculation received

a 1 cc suspension containing 100 nematodes after transpl anting.
Beans
Seeds Yere planted into similar flats containing DCPA (8 and 12 lb/A )
and trifluralin (1/2 and 1 lb/A) treated soil .

After 2 Yeeks , bean
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plants were transferred from flats into 6-inch pots of soil and inoculat ed in a manner similar to the onions .

Altered treatments consisted

of transferring seedlings from soil treated with DCPA at 12 lb/A to nontreated soil and from non-treated soil into soil treated with DCPA at
12 lb/A .
The plants were transplanted from flats to individual pots at the
end of the 2-week period for th e following reasons:
a,

To obtain an equal number of plants for each treatment.

b.

To obs erve the effects of each individual treatment.

c.

To obs erve the effects of altered treatments on infection.
Treatments

Treatments were replicated 6 times (6 pots ) and included the
following:

Treatment (lb/A)
DCPA - S
DCPA - 12

DCPA - B DCPA - 12

N· hapla
- N· hapla

DCPA - B to non- treated soil -

N· hapla
N· hapla
- N· hapla

Non-treated soil to DCPA - 12 DCPA - 12 to non-tr eated soil
Control

l

,

referred to in the
text as "altered"
treatments
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Treatment (lb/A)
DCPA - 8
DCPA - 12

I:!· hapla
DCPA - 8 - I:!· hapla
DCPA - 12 -I:!· hapla
DCPA - 12 to non-treated soil - !j.

referred to in the
text as "altered"
treatments

Non-treated soil to DCPA - 12 - !j.
Trifluralin - l/2
Trifluralin - l
Trifluralin - l/2 - !j. hapla
Trifluralin - l - !j. hapla
Control
Paraffin Method
Plants were harvested 5 weeks after planting.

Root sections (5-8 mm)

were taken from within galled regions of infected plants and from within
similar regions on non-infected controls.

The tissues were fixed in FAA,

dehydrated in tertiary butyl alcohol (45), and embedded in paraplast.
micron sections were cut using a rotary microtome.

Ten-

The sections were then

permanently mounted after being stained with safranin 0 and fast green (45).
Effect of DCPA on M.

~

In order to determine the effect of DCPA on I:!· hapla larvae, 3000
nematodes were placed in a 30 ml. solution containing 12 ppm of DCPA for
24 hours.

At the end of the 24-hour period, 30 potted, germinated onion
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se eds ( l se ed/3-inch pot ) wer e inoculated at the rate of 100 larvae per
plant by pipetting l cc of suspension directly over each germinated seed.
An equal number of similarly potted onions inoculated with an equal number
of non-treated larvae served as controls.
Two weeks after planting , 15 plants from each treatment were harvested.

Th e roots were washed carefully in distilled water, boiled for

l l/2 minutes in 5 per cent acid fuchsin in lactophenol and pla ced in
lactophenol.

The number of larval infections per treatment was then

determined microscopically.
At the end of 4 weeks, the remaining plants were harvested from
each tr eatment and the number of galls per treatment was determined.
Analysis of Data
The results were analyzed statistically.

A completely randomized

design was used and the analysis of variance was computed for each exp eriment.

Multiple mean comparisons (Newman-Keul 1 s) were made to determine

significant differences among treatment means.
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RESULTS AND DISCUSSION
Effects of DCPA
Onions
Onions were somewhat sensitive to DCPA.

Mortality was increased by

higher concentrations of DCPA, but decreased by combined treatments of
DCPA and~· hapla (Table l ) .
Morphology.
~·

All the treatments, i.e ., DCPA,

~.

hapla, and DCPA -

hapla, significantly reduced shoot growth in onions.

less r eduction in growth than did DCPA or most DCPA (Table l).

DCPA and DCPA -

~.

~·

~·

hapla caused

hapla tr eatments

hapla reduced root growth and the number

of fibrous roots (Figures land 2).

These results agree with those of

Bingham (13\ The root system was increasingl y affected as DCPA concentration was increased.

Onion root systems which wer e infested with

~·

hapla and contained 8-10 galls per root were greatly reduced in extent
(Figure l ) , whereas those with only a few galls were reduced only slightly
(Figure 2 ) .

After 5 weeks, plants which had been grown in non-treated

soil and transferred into DCPA -

~·

hapla-treated soil showed a greater

reduction in root and shoot growth than did those grown in the herbicidenematode treatments and transferred to non-treated soil (Table l).
Anatomy.
were striking .

The effects of DCPA on root tissue, primarily the epid ermis,
Epidermal cells on non-treated tissue developed uniformly

(Figures 3, 4, 5, 6, and 9 ) , while those on DCPA-treated tissue were
greatly misshapen, overlapped, and in various stages of what appeared to
be cellular dissolution or collaps e (Figures 7 , 8, 10, ll, 13, and 14).
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Table 1.

Response of onions to DCPA and

Treatment
(rate/acre)

H·

hapla

Root wt.
(g)a

DCPA - 8

33.8 cd

1.6 cd

33

DCPA - 12

30.8 d

1.1 d

50

H·

37.0 c

3.3 b

7.7 a

0

DCPA - 8 +

42 . 2 b

2. 8 b

2.0 c

17

DCPA - 12

34.2 cd

1.4 cd

0.8 d

33

haplab

37.0 c

2.9 b

3.3 b

0

hap lac

35.6 c

2.0 c

1.8 cd

33

27.0 e

1.5 cd

1.5 cd

33

46.3 a

4.7 a

hapla

H. hapla
+ H. hapla

Non-treated +
Non- treate<l +
DCPA - 12 +
Control

H·

H·
H·

haplad

Galls/
plant a

%

Top ht.
(cm)a

mortality

0

aMeans within columns followed by the same letter are not significantly
different at the 5 per cent level according to Newman-Keul's multiple
range test.
bTransferred from soil treated with DCPA at 8 lb/A after 2 week's
growth.
cTransferred from soil treated with DCPA at 12 lb/A after 2 week's
growth,
dTransferred from non-treated soil at 2 weeks of age,
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They were increasingly affected as DCPA concentration was increased
(Figures 7, 10, 13, and 14).

DCPA at 8 lb/A (Figures 7 and 8) affected

mainly epidermal cells while DCPA at 12 lb/A appeared to affect endodermal
cells as well.

Root tissue from non-treated soil, transferred into DCPA-

treated soil, was affected to a greater extent than was the reciprocal
treatment (Figures 14 and 15).
Soil particles adhered strongly to the surface of treated roots.
It was impossible to remove the soil without damaging the root tissue.
This response could be a result of epidermal cell damage or a root exudate.
These results are supported by other investigators.

After treatment

with DCPA, Bingham (13) observed that onion cells near the root tip were
filled with cytoplasm but that cells further up the root contained very
little cytoplasm and were excessively large and irregular in shape.

As

the cells became large, the epidermis was "less well defined and sloughed
away".

Shaybany and Anderson (83) reported the absence of epidermal cells

on DCPA-treated foxtail seedlings.

They also observed the adherence of

soil particles.
In the present study, onion plants treated with

~.

hapla developed

similarly to those reported by other investigators (20, 30, 51).

Galls

were observed to contain branched roots (Figure 17), nematodes (Figures
18, 21, and 22), egg masses (Figures 19 and 22), and the characteristic
giant cells (Figures 17, 20, 21, and 22).
nation of DCPA and

~.

Plants subjecte~ to a combi-

hapla showed symptoms similar to plants which

received the treatments separately.
Effects on

~. ~.

Inoculated plants treated with DCPA developed

significantly fewer galls than did those grown in non-treated soil (Table 1).
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Treatment at 12 l b/A resulted in fewer galls than with 8 lb/A.

Plants

grown in non-treated soil for 2 we eks and transferred into DCPA-treated
soil developed fewer galls than did those transferred from DCPA-treated
soil into non-treated (Table 1 ).
The pathogenicity

of~·

hapla appeared to be reduced because of a

plant response to DCPA rather than the direct effect of the herbicide on
the nematode.

Onions inoculated wi th DCPA-treated larvae at 12 ppm

developed 1.75 galls per plant compared to 1.67 galls per plant developed
by non-treated larvae.

Onion roots galled by DCPA-treated larvae con-

tained 4.9 nematodes per root whereas those infected by non-treated larvae
contained 7.0.

This difference was not significant.

Plants grown in

DCPA-treated soil, transferred into non-treated soil and inoculated,
developed fewer galls than the controls (Table 1 ) .

Thus it is concluded

that onions treated with DCPA probably became resistant to

~·

hapla be-

cause of an injury response to the herbicide.
Barrens (8) has established that plant resistance to root-knot nematodes is due to a) mechanical or chemical means which inhibit entry, or
b) factors within the plant that inhibit development.

In this study,

nematodes that had entered roots were obs erved to be developing normally.
Figure 22 shows giant cells, destruction of vascular tissue, and egg
masses all of which indicate normal nematode development.

Thus DCPA-

induced resistance is probably brought about through a mechanical or
chemical inhibition of penetration.
The ability of

~.

hapla to penetrate onion roots may be reduced by

the effects of DCPA on cell structure .

Shaybany and Anders on (83) re-

ported that DCPA caused cells to develop thicker cell walls because of
increased carbohydrate incorporation.

Epidermal cells in this study
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were observed to be misshapen, overlapped, and in various stages of
collapse.

Overlapped, collapsed cells with thick walls could provide

a mechanical barrier to penetration.
In addition to mechani cal barriers, chemi cals can inhibit nematode
infection as was shown by Rohde and Jenkins (74 ) who reported root secretions to be a mechanism of resistance.

Rovira (75) stated that chemical

damage to roots can greatly increase root exudation.

The adherence of

soil parti cl es observed on DCPA- t r eated roots is possibl y a result of
root secretions which could inhibit entry chemically.
Beans
Beans were not as sensitive to DCPA as were onions.

Differences

in mortality were slight and could not be attributed to any treatment
(Table 2).
Morphology.

DCPA and

H·

r edu ce plant growth (Tabl e 2).
greatly reduced by DCPA - 12 -

hapla treatments did not significantly
However, fibrous root formation was

H.

hapla treatments as shown in Figures

23 and 24.
Anatomy.
DCPA .

No anatomical studies were made on beans treated with

However, macroscopi c examination showed that soil particles

strongly adhered to roots as they did on onion roots.
Effects on M.
not determined.
(Table 2).

~·

The pathogenicity of DCPA-treated larvae was

There was a significant effect of DCPA on root galling

Littl e or no galling occurred on

growing in DCPA- treated soil.

H·

hapla- inoculated plants

However, this inhibition was lessened

when plants were transferred from DCPA-treated soil into non-treated
soil.
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Table 2.

Response of beans to DCPA and

Treatment
(rate/ a cre)

Top ht.
(em )

N·

hapla

Root wt.
(g)

DCPA - 8

17.7

8.0

DCPA - 12

13 .4

10.3

N.

hapla

Galls/
plant a

%
mortality
0
0

25d

a

17

l.7d

0

14.8

7.9

DCPA - 8 +

13. 6

7.8

DCPA - 12 +

11.9

7.0

l.2d

0

11.8 b

0

3.0 c

17

N· hapla
N. hapla
Non-treated + N. haplab
DCPA - 12 + N· haplac

16.5

6.7

13.1

5.4

Control

18.5

9.1

0

aMeans followed by the same letter are not significantly different at
the 5 per cent level according to Newman-Keul's multiple ~ange test.
hTransferred from DCPA-treated soil at 12 lb/A after 2 week's growth.
cTransferred from non-treated soil after 2 week's growth.
dNumber of galls/plant ranged from 25 to 80.
on each plant was not determined.

Specific number of galls
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The mechanism of resistance in DCPA- treated beans is probably
similar to that of onions, i.e., mechanical or chemical inhibition of
penetration.

Although anatomical studies were not made on beans, soil

particles were observed to adhere to root tissue as on onions indicating
possible epidermal cell damage or root exudation.

In addition to those

mechanisms of resistance previously mentioned, Crittenden (24) reported
that plants possessing a minimum of lateral roots appeared to be less
susceptible to nematode infection.
Crit tenden's work.

The results of this study agree with

Plants grown in soil treated with DCPA at 12 lb/A

developed fewer fibrous roots and galls than those grown in soil treated
with 8 lb/A or in the controls (Figures 23 and 24).

Since only fibrous

roots were galled, the paucity of these roots provides at least a partial
expl anation of the resistance induced by DCPA treatment.
Effects of Trifluralin on Beans
The effects of trifluralin on beans were comparabl e to those of
DCPA in that both reduced nematode infection.
Morphology
Beans treated with trifluralin,

M·

hapla, and trifluralin -

showed significant reductions in shoot growth.

M· hapla

Shoot growth was increas-

ingly adversel y affected as the level of herbicide was increased (Table 3).
Trifluralin at l/2 lb/A did not significantl y affect root growth, but a
rate of l lb/A inhibited lateral root formation and greatly reduced root
growth (Figure 25).

Hacskaylo and Amato (43) observed similar results

on corn and cotton.

M·

lateral root formation.

hapla reduced root growth but did not inhibit
Combined treatments of trifluralin and

M·

hapla

reduced root growth to about the same extent as each treatment applied
separately.
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Table 3.

Response of beans to trifluralin and /1. hapla

Top ht .
(em) a

Root ~·
(g)

Trifluralin - 1/2

16.3 c

10.1 a

0

Trifluralin - 1

12 . 7 e

4.6 d

0

/1. hapla

14 . 8 d

7.9 be

Trifluralin - 1/2 +
/1. hapla

17 . 2 b

Triflurali n - 1 +
/1. hapla
Control

Treatment
(rate/ acre )

Galls/
plant a

25b

%

mortality

a

17

8.2 be

7.3 b

0

13 . 0 e

6.9 c

2. 5 c

0

18. 5 a

9.1 ab

0

aMeans within columns followed by the same letter are not signifi cantly
differ ent at the 5 per cent level according to Newman- Keul 1 s multiple
range test.
~umber of ga lls/ plant ranged from 25 to 80.
on each plant was not determined.

Specific number of galls
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Anatomy
The effects of trifluralin on the anatomy of beans Yere not determined.

Hoyever, macroscopic examination shoYed soil particles strongly

adhered to treated root tissue.

It was impossible to remove these

particles Yithout damaging the roots.
Effects on M.

~

The pathogenicity of trifluralin-treated larvae was not determined.
Trifluralin significantly reduced the number of galls formed on
beans.

One lb/A was more effective than l/2 lb (Table 3).

All of the

galls were formed on fibrous roots and since there was a paucity of these,
this may explain in part the nature of the trifluralin-induced resistance.
Morphological changes of root tissue that include the reduction of lateral
roots have been shown to be a mechanism for plant resistance to nematode
infection on soybeans (24).

Other mechanisms of resistance that have

been observed include mechanical or chemical inhibition to nematode penetration (8, 73).

As with DCPA, soil particles strongly adhered to root

tissue suggesting me.c hanical or chemical inhibition.
reduces galling in a manner similar to DCPA.
hoYever, to confirm this conclusion.

Trifluralin probably

Further res earch is required,
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SUMMARY
Seeds of onions and beans wer e planted in flats containing soil
t r eated with differ ent concentrations of DCPA or trifluralin.

Aft er 2

week's growth, some seedlings were transferred into 6-inch pots (1 plant/
pot) of s i mi larly treat ed soil.

Ot her treatments consisted of transfer-

ring s eedlings grown in tr eat ed soil into non-treated soil and vi ce
versa .

The plants wer e inoculated wi t h nematodes after transplanti ng .

Plants were harvested after 5 weeks and root tissue was fixed in FAA
solution .

After fixa t ion, t he root t issu e was dehydrated, embedded in

paraplast, s ec tioned, stained, and perman ently mounted on microscop e
sli des.

Photomi crographs wer e mad e from representative tissue s ections.
~·

DCPA reduced both shoot and root growth on onions.
oni on growth but to a less er extent than DCPA ,
cantl y aff ect ed by DCPA or by

~.

hapla r educed

Beans were not signifi-

hapla treat ments.

was r educed by DCPA on beans more t han on onions.

Fibrous root formation
The anatomi cal study

on onions showed that t he epi dermal cells were most affected.
misshap en , overlapped, and in various stages of collapse.

They wer e

Symptoms were

more sever e under higher concentrat ions of DCPA .
Trifluralin reduced shoot and root growth on beans.

I t also inhib-

it ed l at eral root formation on beans mor e than did DCPA.
Both DCPA and t rifluralin signifi cantly reduced the number of nemat ode galls on beans and onions .

DCPA-treat ed and non-treated larvae

wer e equally pat hogeni c on onions.

The r edu ction of

~.

hapla pathoge-

nicity on both species was probabl y due to a plant respons e to the
her bicides rat her than t he di re ct eff ect of the herbi ci des on the nematod e
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larvae.
a.

The mechanism of reduction is l ikely one or more of the following:
DCPA and trifluralin reduc ed the amount of lat eral ( secondary)
roots formed, thus r educing the amount of susceptible root
tissue for infection.

b.

DCPA altered cell structure to the extent that nematode penetration was difficult or impossible.

c.

DCPA and trifluralin caused soil particles to adhere strongly
to root tissues indicating the possibility of a root exudate
which could impede nematode infection .

This study indicates the ne ed of a bio chemical investigation to confirm the presenc e of an herbicide-induced root exudate.

A histochemi cal

study to elucidate the nature of the herbicide damage to epidermal and
endodermal cells would be enlightening.
The idea of herbicides serving an additional role to induce resistance to nematodes is an intriguing one and would certainly appeal to
agri culturalists.
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ABBREVIATIONS, LEGENDS , AND FIGURES
Explanation of figures
Abbreviations are as follows:
E:

Egg mass

G:

Giant cell

N:

Nematode

Figure l.

Morphology of onion roots treated with DCPA and~. Japla-(A) ~· hapla, (B) DCPA at 12 lb/A, (C) DCPA at 8 lb A, and
(D) control. Note the severe inhibition of root development by~. hapla (A).
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Figure 2.

Morphology of onion roots treated Yith DCPA and ino culated
Yith M. hapla-- (A) DCPA at 8 l b/A - ~. hapla, (B) DCPA at
12 l b7A - ~. hapla, (C) ~ . hapla, and (D) control, Note
the inhibition of f ibrous root groyth (A-arroY ) and nematod e root gal l (C- arroY) .
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Figure 3.

Figur R 4.

Transverse section of control onion root tissue.
uniformity of the epidermal cells. X 210

Note

Transverse section of control onion root epidermal cells .

X 590

Figure 5.

Transverse section of control onion root tissue .
uniformity of epidermal cells. X 210

Note

40

Figure 6.

Transverse section of control onion root tissue.
uniformity of epidermal cells. X 210

Note

Figure 7.

Transverse section of onion root tissue treated with DCPA
at 8 lb/A. Note early stage effect on epidermal cells.
X 270

Figure 8.

Transverse section of onion root tissue treated with DCPA
at 12 lb/A. Note complete collapse of epidermal cells.
X 210
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Figure 9.

Transverse section of control onion root tissue.
uniformity of epidermal cells. X 210

Note

Figure 10.

Transverse section of onion root tissue treated with
DCPA at 12 lb/A . Note collapsed state of epidermal
cells . X 375

Figure ll.

Transvers e section of onion root tissue treated with
DCPA at 12 lb/A. Note complete collapse of epidermal
cells. X 210

44

@

Figure 12 .

Transverse section of control onion root epidermal cells.

X 750

Figure 13.

Transverse s ection of onion root epi dermal cells showing
effe ct of DCPA a t 8 lb/A. Note cellular distortion in
epid ermis. X 250

Figure 14.

Transvers e s ection of onion root epidermal cells showing
effect of DCPA at 12 lb/A . Note state of collapse and
high degree of cell overlap. X 750
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®

Figure 15.

Transvers e section of onion root tissue grown in DCPA at
12 lb/A and transferr ed into non-treated soil. X 330

Figure 16.

Transverse s ection of onion root tissue grown in non-tr eated
soil and transferred into DCPA at 12 lb/A . Note increas ed
effect on epidermal cells . X 480

48

Figure 17.

Longitudinal section of onion root gall.
of lateral roots and giant cells. X 65

Note formation

Figure 18.

Longitudinal section of female root-knot nematode
Meloidogyne hapla. X 260

50

~.

Figure 19.

Photomicrograph of egg mass of

Figure 20.

Photomi crograph of giant cells induced by

Figure 21.

hapla.

X 160

~·

hapla,

Transverse section of onion root tissue treated with
hapla. Note nematode and giant cells. X 325

~.

X 235
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Figure 22.

Longitudinal s ection of onion root tissue showing
effects of ~. hapla infection. Note nematode damage to
tissue. X 160
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Figure 23.

Morphology of bean roots treated with DCPA and ~. hapla- (A) DCPA at 8 l b/A, (B) DCPA at 12 l b/A, (C) ~ . hapla ,
and (D) control. Note inhibition of fibrous r oot growth (b~

®

u

<(
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Figure 24.

Morphology of bean roots treated with DCPA and ino culated
hapla-- (A) transferred from non-treated soil into
soil treated with DCPA at 12 l b/A , and (B) transferred from
soil t r eated with DCPA at 12 l b/A into non-treated soil.
Note inhibition of fi brous root growth (A) .
with~·

58
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®

Figure 25.

Morphology of bean roots treated with trifluralin -- (A)
control, (B) trifluralin at l /2 lb/A, and (C) trifluralin
at l lb/A. Note s evere reduction of fibrous root growth (c) .
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Appendix A
From the time of discovery until 1949, what we now call the
root-knot nematodes were regarded as one species. The name of this
species was changed on several occasions and the reasons for these
changes can be stated briefly as follows:
1871. Schmidt proposed the generic name Heterodera for the
sugar beet nematode, g. schachtii.
1872. Greeff gave the name Anguillula radicicola to a nematode that he found in galls on the roots of certain cereals and
grasses. This was not a root-knot nematode but instead was the
species known today as Ditylenchus radicicola.
1879. Cornu found a root-knot nematode causing galls on the
roots of sainfoin, Onobrychis viciaefolia (S cop. ) ( syn. Q. sativa),
and other plants, and named it Anguillula marioni.
1884. MUller found a root-knot nematode causing galls on the
roots of Dodartia orientalis L. Under the erroneous impression that
he had the same parasite as Greeff, he used the same specific name
but placed the species in the genus Heterodera, thus making the
combination g. radicicola. This was the accepted name for "the
root- knot nematode" until 1932.
1887. Goldi found a root-knot nematode causing galls on the
roots of coffee plants in Brazil and named it Meloidogyne ~·
1932 . Goodey pointed out that, as used by MUller , g. radicicola was misapplied and, under the Rules of Zoological Nomenclature,
it was not a valid name for "the root-knot nematode." In these
circumstances, the oldest available name for the species was that
of Cornu and from then until 1949, Heterodera marioni was the
accepted name for "the root-knot nematode."
1949 . Chitwood differentiated and described five species and
one subspecies of root-knot nematodes, removed them from Heterodera
and placed them in a separate genus. The oldest available name for
this genus was Meloidogyne, first proposed by Goldi . Which, if any,
of these described species corresponds with the original Heterodera
marioni has not been determined (22, p. 56-57 ).
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Appendix B
Table 4.

Effect of DCPA and

Treatment
(rate/acre)

1

2

DCPA - 8

24.0

DCPA - 12

36.0

J:j.

hapla

DCPA - 8 +

hapla on shoot growth of onions"

J:j.

36.0

31.0
J:j.

DCPA - 12 +

J:j.

Non-treated +
Non-treated +
DCPA - 12 +

J:j.

hapla

32.5

49.0

hapla

24.0

30.0

J:j.

haplab

40.0

31.0

J:j.

hap lac

22.5

haplad

Control

__________________________

5

6

36.0

39.0

22.5

34.0

41.0

42.5

40.0

35.0

37.5

47.5

43.0

34.0

42.0

40.0

30.0

42.0

41.0

38.0

37.0

43.0

15.0

36.0

37.0

44.0

42.5

46.0

Analx~i~_Qr_YatiaDQe

s.s.
Treatment

Replication
3
4

40.0
20.0

49.0

47.0

_________________________
M.S.

8

1247.13

155.89

Error

33

1527.28

46.28

Total

41

2774.41

"Measurements in centimeters after 5 week's growth.
bTransferred from soil treated with DCPA at 8 lb/A after 2 week's
growth.
cTransferred from soil treated with DCPA at 12 lb/A after 2 week's
growth.
dTransferred from non-treated soil after 2 week's growth.
esignificant at 1 per cent level.

49.0
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Table

5.

Effe ct of DCPA and

Treatment
(rate/acre )

N·

0.5

DCPA - 12

1.4

hapla

DCPA - 8 +

2

1

DCPA - 8

N·

hapla on root growth of onionsa

1.1

2 .4

N.

DCPA - 12 +

hapla

N·
+ N·

hapla

3.8

4. 2
1.3

haplab

3.6

2.0

Non-treated + /:!. haplac

0.8

DCPA - 12 +

N·

hap lad

Control

4.1
1.4

2. 4

Non-treated

Replication
3
4
2.7
1.1

4.0

2.7

2.5

4.3

2.8

1.1

1.1

0.7

2.6

2.5

3.5

2.3

3.3

2.4

2.5

4.4

4.4

4.0

2.0

0.9

3.1

0.3

6

1.6
0.7

2.8

6.8

5.3

--------------------------~~!z~~~-~f-~~E~~~£~--------------------------s.s.
Treatment

8

50.62

6.33

Error

33

35.0

1.06

Total

41

85. 62

aMeasurements in grams after 5 week's growth.
bTransferr ed from soil treated with DCPA at 8 l b/A after 2 week's
growth.
cTransferred from soil treated with DCPA at 12 lb/A after 2 week's
growth .
dTransferred from non-treated soil after 2 week's growth.
esignificant at 1 per cent level.
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Effect of DCPA on pathogenicity of

Table 6 .

Treatment
(rate/ a cre )

2

l

M· haQla
+M
· haQla

DCPA - 8 +

2

DCPA - 12

2

l

Non-treated + N. haQlab

4

3

Non-treated • N. haQlac

0

DCPA - 12

t

N. haQlad

N. haQla

M·

hapla on onionsa

ReQlication
3
4
l

3

4

4

2

l

l

2

3

6

8

12

5

6

l

3

0

l

3

2
4

0

7

5

8

--------------------------~~~!l~~~-~£-~~~!~~~~--------------------------

s.s.
Tr eatment

5

174.24

34.85

Error

23

55 . 21

2.40

Total

28

229 . 45

aNumber of root galls/plant.
brransferred from soil treated vith DCPA at 8 lb/A after 2 veek 1 s
grovth.
cTransferred from soil treated vith DCPA at 12 lb/A after 2 veek 1 s
grovth.
dTransferred from non-treated soil after 2 veek 1 s grovth.
eSignificant at l per cent level,
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Table 7 .

M.

Effect of DCPA and

Treatment
(rate/ acre )

l

hapla on shoot growth of beansa

2

Replication
3
4

6

DCPA - 8

20.0

14.0

22.5

12.5

18.0

19.0

DCPA - 12

11.0

16.0

16.0

10.0

12.5

15.0

M· hapla

17.5

16 .0

15.5

12.5

13.0

M· hapla
DCPA - 12 + M
· hapla
Non-treated + M· haplab

11.0

10.0

8.0

17.5

7.5

17.5

9.0

16 .0

12.5

14.0

15.0

15.0

24.0

19.0

9.0

16.0

15.0

16.0

14.0

24.0

7.5

7. 5

12. 5

15.0

19.0

19.0

21.0

21. 0

DCPA - 8 +

DCPA - 12 +

M·

haplac

Control

16 .0

--------------------------~~~!l~~~-~f_Y~~~~~~~--------------------------

s.s.
Treatment

7

231.88

33 .13

Error

38

592.36

15.59

Total

45

824.24

2.13

aMeasurements in centimeters after 5 week's growth.
brransferred from soil treated with DCPA at 12 lb/A after 2 week's
growth.
cTransferred from non-treated soil after 2 week's growth .
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Table 8.

Effect of DCPA and .!:!. hapla on root growth of beansa

Treatment
(rate/ acre )

1

2

Repli cation
3
4

DCPA - 8

7. 6

6.3

10.2

DCPA - 12

8.2

.!:!· hapla

10.5
8.2

5.8

6. 2

4.5

11.2

DCPA - 8 .. .!:!· hapla
DCPA - 12

+

Non-treated

.!:!· haul a
+

M·

haplab

DCPA - 12 .. .!:!· hap lac
Control

10.4

5

6

8 .4

7. 3

8.4

10.9

7.7

11. 2

13.1

8.2

7.6

6.6

6.3

9.9

4.2

12.6

5. 5

5. 2

7.8

7. 6

9.0

5.4

4.8

5.8

4.4

13.6

1. 6

9.4

10.1

5. 3

9.4

4.7

10.4

1.2

6.4

9.7

10.4

--------------------------~~!z~~~-9f_Y~r~~~2~-------------------------d.f.

s.s.

M.S.

E
l. 75

7

85.54

12.22

Err or

38

265.28

6.98

Total

45

350.82

Treatment

aMeasurements in grams after 5 week's growth .

~ransferred from soil treated with DCPA at 12 lb/A after 2 week's
growth .
cTransferred from non-treated soil aft er 2 week's growth.
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Table 9.

Effect of DCPA on pathogenicity of

Treatment
(rate/ a cre )

2

1

N· hapla
+ N· hapla

N·

hapla on beansa

Replication
3
4

5

6

DCPA - 8 +

0

3

4

0

3

0

DCPA - 12

0

0

3

0

4

0

9

11

6

19

14

12

3

0

4

6

2

25d

25d

25d

25d

25d

Non-treated + ~· haplab
DCPA - 12 +

N·

N.

haplac

hapla

25d

--------------------------~~~~l~~~-~f-~~E~~~~~--------------------------

s.s.
Treatment

4

2178.44

544.61

Error

23

152.99

6. 65

Total

27

2331.43

aNumber of root galls/ plant.
~ransferred from soil treated with DCPA at 12 lb/A after 2 week's
growth.

cTransferred from non-treated soil after 2 week's growth.
dNumber of galls/plant ranged from 25 to 80.
on ea ch plant was not determined.
eSignificant at 1 per cent level.

Specifi c number of galls
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Table 10.

Effect of trifluralin and /:1. hapla on shoot growth of
beans a

Treatment
(rate/ a cre )

2

l

Replication
3
4

5

6

Trifluralin - l /2

17.0

13.0

15 .0

17.5

18.0

17.0

Trifluralin - l

11.0

12.0

12.0

13 .0

17.0

11.0

/:1. hapla

17. 5

16.0

15.5

12.5

13 .0

Trifluralin - l/2 +
/:1. hapla

16.0

14.0

16.0

19.0

19.0

19.0

Trifluralin - l
!J. hapla

17.0

11.0

12.5

6.0

14.0

17.5

15.0

19.0

19.0

16.0

21.0

21.0

+

Control

--------------------------~~~~l~~~-~!-~~~~~~~~-------------------------Source
Treatment

s.s.
5

2961.34

592.27

Error

29

205.73

7.09

Total

34

3167.07

aMeasurements in centimeters after 5 week's growth.
bsignificant at l per cent level.
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Table 11.

Effect of trifluralin and
beans a

Treatment
(rate/acre )

~.

2

l

hapla on root growth of

Replication
3
4

5

6

Trifluralin - l /2

8.3

11.2

11.7

9.9

10.2

9.3

Trifluralin - l

4.7

4.8

4.9

3.8

5. 7

3.5

8.2

7.6

6.6

6.3

~· hapla

10.5

Trifluralin - l/2 +
~. hapla

7.9

6.1

8.3

10.1

9.6

7.2

Trifluralin - l +
~ . hapla

8.7

6.5

6.8

2.1

7.5

9.6

Control

5.3

9.4

10,1

9.4

9.7

10.4

--------------------------~~~~l~~~-~£-~~~~~~£~-------------------------Treatment

s.s.

M.S .
22.0

5

110.02

Error

29

84.88

Total

34

194.90

aMeasurements in grams after 5 week's growth .
bSignificant at l per cent level.

2.93
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Table 12.

Effect of trifl uralin on pathogenicity of
beans a

Treatment
(rate/ acre)

Tri fluralin - 1/2 +
H. hapla

Replication
3
4

12

Trifluralin - 1 +
H· hapla

H·

2

1

hapla

H.

hapla on

6

5

6

9

8

4

5

4

0

0

0

6

25b

25b

25b

25b

25b

25b

--------------------------~~~!z~!~-~f_Y~~!~~£~-------------------------M. S.
Treatment

2

1493. 64

746.82

Error

14

82.83

5.92

Total

16

1576.47

126. 15**c

aNumber of root galls/plant.

~umber of galls/plant ranged from 25 to 80.
on each plant was not determined.
cSignificant at 1 per cent l evel.

Specific number of galls
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